| INTRODUC TI ON

Influenza type A virus (IAV-S) of the family Orthomyxoviridae causes
an acute respiratory disease resulting in distinct economic damages in global pork production. Control strategies include understanding animal movements corresponding to IAV-S circulation and subsequent establishment of appropriate biosecurity measures including vaccination strategies. Inactivated influenza vaccines are primarily used in adult female breeding swine to provide piglets with antibodies via colostrum which wanes over time not providing protection in the growing pig. 1 A recent study has shown that piglets play a key role in maintaining IAV-S in the breeding herds 2 which provides evidence that early piglet vaccination with a vaccine that provides heterologous protection will contribute to reduce IAV-S prevalence both within a herd and between herds.
Influenza A virus is mostly transmitted through direct pig-to-pig contact and aerosols although other indirect routes of transmission may also exist. Several factors contribute to differences in the transmission dynamics within populations including vaccination, pig flow, animal movement, and animal introduction, among others, which highlights the complexity of influenza A transmission in pigs. In addition, pigs can serve as a reservoir of influenza A viruses for other pigs and other species, and understanding mechanisms of transmission within pigs and from pigs to other species and vice versa is crucial. 3 Neonatal piglets at birth are immunologically naïve and likely acquire IAV-S infection while in the farrowing crate. 4 The role of piglets in maintenance and dissemination of IAV infections has been documented. 
| MATERIAL AND ME THODS
| Vaccines and challenge virus
The IAV-S LAIV was formulated by combining two viruses, the previously described I-A triple-reassortant internal gene (TRIG) cluster H3N2 7 and a novel α-cluster H1N1 constructed using the same techniques. Once combined, the viruses were lyophilized to create a bivalent vaccine. The vaccine was administered at a 1 mL dose intranasally into one nostril. 
IAV-S challenge isolates
| Experimental design
All study procedures and animal care activities were conducted in accordance with the ethical guidelines of the BIAH Institutional Animal Care and Use Committee.
To assess serostatus of the dams, the commercial IAV-S blocking ELISA (IDEXX Swine Influenza Virus Ab Test; IDEXX Inc., Westbrook, 
| Sampling
Nasal swabs were collected from all pigs on the day prior to challenge and daily for five days post-challenge (DPC) by insertion of a single swab into each nostril. The swabs were then stored frozen at −70°C in a 5-mL tube containing 2 mL of tissue culture media formulated with antibiotic and antimycotic until testing could be completed.
| Virus isolation
Twenty-four-well tissue culture plates of (KEW- plates were then incubated at 37°C with 4.5% carbon dioxide while the samples were being thawed at room temperature. Next, 0.5 to 0.75 mL of each sample was transferred to a centrifuge tube and spun at 10 000 g for two minutes in order to pellet sample debris.
The wash media was then decanted from the KEW-MDCK plates, and approximately 100 μL of centrifuged sample was dispensed through a 0.2-μm filter (Pall Cat # 4602) into each of two duplicate wells. The plates were then incubated at 37°C with 4.5% carbon dioxide for one hour; after this incubation, 0.5 mL of wash media was added back to each well. The plates were then incubated at 37°C with 4.5% carbon dioxide for seven days to allow for low levels of virus to replicate and amplify to levels that can be detected in a hemagglutination assay. After incubation, the supernatant of the duplicate sample wells was harvested and pooled. Then, 50 μL of the pooled material was dispensed into duplicate wells of a 96-well round bottom plate (BD Falcon Cat # 353910). Washed male turkey red blood cells (Lampire Biological Laboratories Cat # 7209603) diluted to a 0.5% concentration were added to each sample well at 50 μL/well.
The plates were sealed and incubated at room temperature for approximately one hour or until the negative control wells formed a button and the positive control wells formed a mat (Table 1) .
| Statistics
All data were analyzed with sas 9.4 (SAS Institute, Cary, NC). The results were analyzed by a GLM model that used a binomial distribution with a logit link function, where the number of affected pigs and total number of pigs from each litter within pen were incorporated as the unit of analysis. The null hypothesis was that shedding of virus in nasal swabs in the vaccinated group was not different to the control group. The level of significance was set P ≤ 0.05.
| RE SULTS
| H1N2 challenge: virus isolation of nasal swabs
All pigs were VI negative for nasal swabs prior to challenge, and significantly more control pigs were shedding virus than vaccinated pigs at 3DPC, 4DPC, and 5DPC (P ≤ 0.014; Figure 1 ). All control pigs but one were VI positive on at least one nasal swab (96.9% positive)
during the five-day challenge period, while only 53% of vaccinated pigs were ever positive, a significant difference (P = 0.011, Table 2 ).
In the vaccinated group, virus shedding peaked 3DPC with 42.5%
of pigs positive and ceased after 4DPC. The control group peaked 4DPC with 96.9% positive and still had 15.6% pigs VI positive on nasal swabs at the end of the challenge phase, 5DPC. The mean duration of shedding was significantly reduced from 2.59 days in control pigs to 0.95 days in vaccinated pigs (P < 0.0001).
| H3N2 challenge: Virus isolation of nasal swabs
All pigs were VI negative for nasal swabs prior to challenge, and significantly more control pigs were shedding virus than vaccinated pigs at 5DPC (P ≤ 0.007; Figure 2 ). Over the five-day challenge period, 42% of vaccinated pigs were VI positive from at least one nasal swab, compared to 65% of control pigs, a significant difference (P = 0.029, Table 3 ). The proportion of VI positive pigs in the vaccinated group peaked at 4DPC with 33.3%. By 5DPC, the vaccinated group had quit shedding, while the control group still had 16.2% pigs positive. The mean duration of shedding was 
TA B L E 1 Study design
| D ISCUSS I ON
Recent modeling and empirical work on IAV-S suggests piglets play an important role as an endemic reservoir. TA B L E 3 Proportion of pigs ever virus isolation (VI) positive for nasal swab after H3N2 challenge 12 weeks post-vaccination
